Oppenheimer Wolff & Donnelly LLP 
Telephone: 650-320-4000 
Title: Method and Apparatus For Audio 
Loudness And Dynamics Matching 
Serial No.: 10/043,591; Filed 1/9/02 
Atty Dkt. No.: 21521-300101 
Sheet: 1 of 12 




CD 



Oppenheimer Wolff & Donnelly LLP 
Telephone: 650-320-4000 
Title: Method and Apparatus For Audio 
Loudness And Dynamics Matching 
Serial No.: 10/043,591; Filed 1/9/02 
AttyDkt. No.: 21521-300101 
Sheet: 2 of 1 2 




1 2 3 

Signal # 



FIG. 2 



Oppenhelmer Wolff & Donnelly LLP 
Telephone: 650-320-4000 
Title: Method and Apparatus For Audio 
Loudness And Dynamics Matching 
Serial No.: 10/043,591; Filed 1/9/02 
AttyDkt. No.: 21521-300101 




Receive audio track 




Apply any desired pre- 
processing 




Obtain loudness values 
for frames 






^~ 36 


Apply weighting factor 
to loudness values 






^ 38 


Aggregate weighted 
loudness values to 
obtain overall value 






f 


^40 



Compared overall 
loudness value with 
desired loudnes value 



r 



42 



Apply gain to audio 
track based on 
comparison 



FIG. 3 



Oppenheimer Wolff & Donnelly LLP 
Telephone: 650-320-4000 
Title: Method and Apparatus For Audio 
Loudness And Dynamics Matching 
Serial No.: 10/043,591; Filed 1/9/02 
AttyDkt. No.: 21521-300101 
Sheet: 4 of 12 



Compressor transfer function 




X[dB] 



Compressor gain 




X[dB] 



FIG. 4 



Oppenheimer Wolff & Donnelly LLP 
Telephone: 650-320-4000 
Title: Method and Apparatus For Audio 
Loudness And Dynamics Matching 
Serial No.: 10/043,591; Filed 1/9/02 
Atty Dkt. No.: 21521-300101 
Sheet: 5 of 12 



Output(dB) 


64--. 


66-. 


62 — 




Input (dB) 



I , »l L« J 

No compression Compression 



FIG. 5 



Oppenheimer Wolff & Donnelly LLP 

Telephone: 650-320-4000 

Title: Method and Apparatus For Audio 

Loudness And Dynamics Matching 

Serial No.: 10/043,591; Filed 1/9/02 

Atty Dkt No.: 21521-300101 

Sheet: 6 of 12 



150 
100 



50 





300 




200 


TI# frames 




w 

; ?£ 


100 


!«& 

,'SSR. 


-11 


in 


800 


;H 


600 


itf# frames 






400 




200 




-ll 



NbzartVcB histogram 




VdB(dB) 



TullVdB histogram 




tape hiss, circa 1973 



-40 -20 
VdB(dB) 



Hole VdB histogram 




36 -20 
VdB(dB) 





60 80 100 
Percentile 




60 80 100 
Percentile 



FIG. 6 



Oppenheimer Wolff & Donnelly LLP 
Telephone: 650-320-4000 
Title: Method and Apparatus For Audio 
Loudness And Dynamics Matching 
Serial No.: 10/043,591; Filed 1/9/02 
Atty Dkt. No.: 21521-300101 
Sheet: 7 of 12 



0.9 



0.8 



0.7 



# frames, 
normalized 



o 
w 

m 
• %?■ 

.3555, 

u 





70 


- Mozart 


72 


-Tull 


74 


-Hole 



-.1 
40 



_L 



50 60 
Percentile 



70 



FIG. 7 



Oppenheimer Wolff & Donnelly LLP 
Telephone: 650-320-4000 
Title: Method and Apparatus For Audio 
Loudness And Dynamics Matching 
Serial No.: 10/043,591; Filed 1/9/02 
AttyDkt. No.: 21521-300101 
Sheet: 8 of 12 




FIG. 8 



Oppenheimer Wolff & Donnelly LLP 

Telephone: 650-320-4000 

Title: Method and Apparatus For Audio 

Loudness And Dynamics Matching 

Serial No.: 10/043,591; Filed 1/9/02 

AttyDkt No.: 21521-300101 

Sheet: 9 of 12 



m. 

m 



mm 



Audio 
Data 



Hearing 
Filter 



Audio to 
VdB Histogram 



VdB Histogram 



Calculate 
Dynamic Spread 



Original 
Dynamic Spread 



FIG. 9 



Oppenheimer Woiff & Donnelly LLP 
Telephone: 650-320-4000 
Title: Method and Apparatus For Audio 
Loudness And Dynamics Matching 
Serial No.: 10/043,591; Filed 1/9/02 
AttyDkt. No.: 21521-300101 
Sheet 10 of 12 



VdB Histogram 



Calculate 
Dynamics Profile 
(dB vs percentile) 



Desired 
Compressor Threshold 
(as percentile) 



86 



Dynamics 
Profile 



Convert 
Percentile to dB 



Initial Slope = 0 



Slope 



Iterate 
if needed 



98' 



New Slope 



88 



Create 
Transfer Function 



Breakpoint (dB) 
90 



VdB Histogram 



•100 



Transfer Function 



Apply 
Transfer Function 
to VdB Histogram 



92 



New VdB Histogram 



Calculate New 
Dynamic Spread 



Original 
Dynamic Spread 

Desired 
Dynamic Spread" 



94 



102 



Calculate 
Estimated LLML 



Interpolate if 
needed for 
New Slope 



Desired 
LLML 



96 



Calculate 
Post-Gain 



104 



Post-Gain 



i 



FIG. 10 



Oppenheimer Wolff & Donnelly LLP 
Telephone: 650-320-4000 
Title: Method and Apparatus For Audio 
Loudness And Dynamics Matching 
Serial No.: 10/043,591; Filed 1/9/02 
AttyDkt. No.: 21521-300101 
Sheet: 11 of 12 






c 




o 








<0 C 




<§ 8> '5 


H 






o 1 









c 
c 


3> 


A 





CD 



CO 



Oppenheimer Wolff & Donnelly LLP 
Telephone: 650-320-4000 
Title: Method and Apparatus For Audio 
Loudness And Dynamics Matching 
Serial No.: 10/043,591; Filed 1/9/02 
Atty Dkt. No.: 21521-300101 
Sheet: 12 of 12 



Audio 
Data 



140 



Song Analysis 



Song analysis 
(Metadata Generation) 
Phase 



VdB 

Hist. 



Original 
Dyn. Spread 



Desired Compressor 
Threshold (as percentile) 

Desired Dynamic Spread 

Desired Attack, Release, etc. 

Desired LLML 



Pre-Playback 
Compressor 
Parameter 
Generation 



142 



Immediately 
Prior to 
Playback 



Input 
Audio 
Signal 




Output 
-> Audio 
Signal 



During 
Playback 



144 



FIG. 12 



